AbstrAct oBJectIVe: In rodents, progesterone (P4) pretreatment increases anxiety and response to stressors. social isolation is a stressor that generates physiological and behavioural stress responses in sheep. the aim of the study was to compare the stress response of anoestrous ewes previously treated or not with P4 to the social isolation test. desIGn: ten ewes received P4 treatment during 13 d (group P4-w) and another 10 remained untreated as controls (group con). the ewes were individually isolated in a novel place during 10 min, 24 h after the end of P4 pretreatment and their behaviours were recorded. cortisol and P4 concentrations as well as body surface temperature were recorded before and after the test. ResuLts: ewes of the P4-w group presented higher cortisol levels 0, 10, 20 and 30 min after the social isolation and had greater area under the curve of cortisol compared to con ewes (41,785%±4,156% vs. 25,682%±4,565% during 75 min). Progesterone and body surface temperature increased after social isolation, with no differences between P4-w and con ewes. there were no differences in behavioural responses to social isolation. concLusIons: P4 pretreatment appears to augment the stress response to social isolation in anoestrous ewes.
Research paper
IntRoductIon Progesterone (P4) reduces the stress response in rodents through neuroactive metabolites that contain the 3α-hydroxy group.
1,2 These metabolites produce anxiolytic and sedative effects through binding to γ-amino butyric acidA (GABAA) receptor, 3 thereby reducing the neuroendocrine and behavioural response to stressors. 4, 5 In ewes, P4 administration reduces the behavioural and physiological responses to weaning, a strong stressor. 6 On the other hand, it has also been reported that reduction of P4 in rodents -as is observed immediately after luteolysis − has anxiogenic effects through a decrease in the inhibitory effect of GABA. 7 Thus, the animals have an increased sensitivity to stressors, as for example the open field test. 8 Crossley et al 9 demonstrated that these metabolites bind to the GABAA receptor of central nervous system tissue of sheep in vitro, indicating that this could be the pathway of its anxiolytic and anxiogenic effects.
As sheep are gregarious animals, 10 individual isolation from the flock provokes an important stress response. 11 Therefore, the open field test is a standardized test used to evaluate the stress response of sheep to social isolation. 12 In this test, sheep are individually introduced into an unfamiliar and isolated environment for a certain period of time. 13, 14 Socially isolated sheep show behavioural responses indicative of stress, such as an increase in locomotion, the number of vocalizations, urinations and defecations and a reduction in the number of exploratory behaviours, 12 as well as increases in cortisol concentration 15 and rectal temperature. 16 Although an increase in P4 concentration has not been observed in response to social isolation, it has been reported that P4 in ewes increases in response to ACTH administration 17 and after transportation. 18 Considering all this information, ewes should respond strongly to stressors after P4 pretreatments. Taking all the above into consideration, ewes should be more sensitive to stressors after traditional hormonal treatments applied for oestrous synchronization and artificial insemination, given that the P4 leveles (and thus its neuractive metabolites) change acutely following this procedure. We hypothesized that anoestrous ewes are more sensitive to social isolation after P4 concentrations have been withdrawn. Thus, the aim of the study was to compare the stress response to social isolation of anoestrous ewes previously treated or not with P4.
exPeRIMentAL AnIMALs And MetHodoLoGy

Location and animal management
All the procedures were approved by the Comisión Honoraria de Experimentación Animal of the Facultad de Veterinaria, Universidad de la República, Uruguay. The study was performed at Estación Experimental La Estanzuela of the Instituto Nacional de Investigación Agropecuaria (INIA), Uruguay (34º28'S) during the non-breeding season (September-October, spring). Twenty nulliparous Polwarth ewes that weighed 40.3±0.8 kg (mean±SEM) and had a body condition score of 2 (median, min=1.75; max=2.5; in a 1 to 5 scale, where 1=emaciated and 5=obese) were used in the experiment. Ewes were assigned to two experimental groups (n=10 each), which grazed the same pasture of white clover and lucerne, in separated paddocks (50 m x 25 m), with free access to water. All ewes were shorn 20 d before the experiment started.
Experimental treatments
Both experimental groups were homogeneous for body weight and body condition score. While 10 ewes received an intravaginal P4 releasing device [Controlled Internal Drug Releasing (CIDR), 0.3 g P4; Pfizer, Auckland, New Zealand] for 13 d (group P4-W), the other 10 ewes remained as untreated controls (group Con). To avoid the effects of acute change of housing interfering with experimental results and to make it easier to catch and sample the ewes, 3 d before the test was performed all the ewes were moved to two pens (10m×10m) located 30 m from the place where the social isolation test was going to be performed. During those days the ewes received lucerne hay and water ad libitum.
Progesterone profile group
To characterize the P4 profile during and after CIDR treatment while avoiding excessive management of the experimental ewes, we collected blood samples from another 5 ewes (body weight = 40.2±1.80 kg; body condition score ranged from 2 to 2.25) from the same flock, which were managed similarly. These ewes received a CIDR for 13 d (P4-profile group) and were bled by jugular venipuncture on Days 0, immediately before CIDR insertion (Day 0=CIDR insertion), 1, 2, 3, 7, 10 and 13 during CIDR treatment, and 4, 8, 20 and 26 h after CIDR withdrawal.
Social isolation test
The ewes were individually moved to the social isolation pen where they remained for 10 min. After this test, the ewes were moved to another pen (6.0m×6.0m) where other ewes from the same flock were housed and where they remained during the entire sampling period. The social isolation pen measured was also measured on all serum samples collected in the P4-profile group of the ewes. Serum P4 concentration was measured at the Laboratorio de Técnicas Nucleares, Facultad de Veterinaria, Montevideo, Uruguay, using a solid-phase radioimmunoanalysis kit (Coat-a-Count, Siemens, Los Angeles, CA, USA). The analytical sensitivity of the assay was 0.25 nmol/L and the intra-assay coefficient of variation was 10.7%.
Body surface temperature
Surface temperatures were recorded on the skin of the left thorax and abdominal areas, in the medial region, using a laser thermometer (IR-102 Infrared Thermometer, Super Elec. Equip. Co, China), simultaneously to blood collection, until 45 min after the social isolation test.
Behavioural recordings
Two digital cameras recorded the ewes' activities continuously during the social isolation. The following variables were analyzed from the videos: the number of lines crossed, vocalizations, eliminations (urinations + defecations), sniffing, escape attempts, freezing, latencies to first vocalization and elimination and the time that each ewe remained on the periphery squares.
Statistical analysis
The percentages at which cortisol and P4 concentration changed were determined considering the initial value (before the social isolation test) as 100%. The area under the curve for cortisol and P4 were calculated using GraphPadPrism Demo (GraphPad Software, Inc., San Diego, USA). Cortisol concentrations of P4-W and C ewes before the social isolation test were compared by ANOVA. Body surface temperature and the percentages at which cortisol and P4 concentrations changed were compared between treatments with the mixed model of SAS. The model considered the treatments (P4-W vs. Con), the time, as well as the interaction between treatments and time as fixed effects, and the ewe within each group as a random effect. Post-hoc comparisons were performed with LSD. The area under the curve of cortisol and the frequency of each type of behaviour, excepting eliminations and escape attempts, were compared using ANOVA. The frequency of eliminations and escape attempts, which did not have normal distribution, was compared with the Mann-Whitney test.
3.0m×3.5m, 1.5m high, and had black walls. The floor was painted to mark 16 squares of equal size. During the social isolation test, the ewes had no visual, olfactive or auditive interactions with humans or the other animals, which remained at a minimum distance of 20 m.
The social isolation test was performed 24 h after CIDRs were withdrawn in the P4-W ewes. CIDRs were placed in 5 animals for each treatment on day one and on another 5 the following day and likewise withdrawn also with 24 h of difference to homogenize the time from CIDR withdrawal and avoid differences in the time of the day in which the ewes were tested. Therefore, the tests were performed during two consecutive days, thus testing 5 ewes from each group each day. All tests were performed between 08:00 h and 13:00 h. The ewes were tested at intervals, one from each group at a time. Two ewes, one from each group, escaped from the pen during the test so their data were not considered.
Blood samples
Blood samples were collected by jugular venipuncture 11 and 2 d before CIDR insertion to confirm the anoestrous condition with P4 concentrations. Samples were also taken 5 min before the test, immediately after (0 min) and 10, 20, 30, 45 and 60 min after the test. Blood samples were centrifuged at 1500 x g for 10 min and the serum was separated and frozen at -20ºC.
Cortisol and progesterone measurements
Cortisol concentration was determined on serum from all samples collected before and after the social isolation test. Serum cortisol concentration was measured at the Laboratorio de Técnicas Nucleares, Facultad de Veterinaria, Montevideo, Uruguay, using a solid-phase radioimmunoanalysis kit (Coat-a-Count, Siemens, Los Angeles, CA, USA). The analytical sensitivity of the assay was 19.04 nmol/L and the intra-assay coefficient of variation was 11.7%.
Progesterone concentration was measured on serum samples collected 11 and 2 d before CIDR insertion to confirm the anoestrous status of the ewes, considering P4 concentration >3.2 nmol/L as luteal value 19. Progesterone concentration was measured on the samples collected 5 min before and immediately after the social isolation test and 30 min later. Progesterone
The latencies and occurrences of vocalizations and eliminations were analyzed using the survival test. Data are presented as mean±SEM.
ResuLts
Description of the progesterone treatment
Progesterone concentration in P4-profile ewes during P4 treatment and after CIDRs withdrawal is presented in Figure 1 . Progesterone concentrations increased on Day 1, remaining high until Day 4, and in luteal concentrations until CIDR withdrawal. P4 returned to basal concentrations 4 h after CIDRs were removed ( Figure 1 ).
Cortisol
Cortisol concentrations of P4-W and Con ewes before the social isolation were 24.3±2.8 and 30.3±4.0 nmol/L, respectively (P = 0.14). Cortisol concentration increased after the social isolation test (P <0.001) in both groups, reaching maximum concentration at 20 (P <0.001) min, and did not return to initial concentrations until 60 min after the social isolation test (P <0.001) (Figure 2) . Ewes of the P4-W group presented a greater cortisol concentration than Con ewes (P = 0.04; Figure 2 ). There was an interaction between time and treatment in the change of cortisol concentration (P = 0.008): the increase in P4-W ewes was greater 0, 10, 20 and 30 min after the social isolation test than in Con ewes (P <0.02; Figure 2 ). P4-W ewes also tended to have a greater increase of cortisol than Con ewes 45 min after the social isolation test (P = 0.08). Moreover, P4-W ewes had greater area under the curve for cortisol concentration than Con ewes (41,785%±4,156% vs. 25,682%±4,565% during 75 min; P = 0.02).
Progesterone
As treatments did not affect P4 concentration after the social isolation test, data from both groups are presented pooled (Figure 3) . Progesterone concentrations before the social isolation was 1.44±0.15 nmol/L. P4 concentration increased immediately after the social isolation test (P <0.001) and remained elevated 30 min after the test (P <0.001).
Body surface temperature
Body surface temperatures on the thorax (P <0.03) and abdomen (P <0.03) increased after the social isolation test without significant differences between groups. Data from both groups are presented pooled in Figure 4 . Cortisol changes before and after social isolation of ewes treated for 13 d with progesterone-releasing devices (CIDR), which was withdrawn 24 h before the social isolation test (-▲-) and in untreated control ewes (-■-). BSIT: cortisol concentration 5 min before social isolation test; ASIT: cortisol concentration immediately after social isolation test. The shaded area shows the period of the social isolation test. Different letters indicate that these points differ over time (P <0.0001). Asterisks indicate differences between groups: * = P <0.05; ** = P <0.01; † indicate tendency for differences between groups (P = 0.08). 
Behavioural recording
The P4-W and Con groups did not present differences in the frequency of any behaviour recorded during the social isolation test (Table 1) . dIscussIon This is the first study that demonstrates that pretreatfigure 4. Body surface temperature on the thorax (-▲-) and abdomen (-▲-) of ewes after the social isolation test. BSIT: temperature values 5 min before social isolation test; ASIT: temperature values immediately after social isolation test. Shaded area shows the period of the social isolation test. Different letters indicate significant differences over time (P <0.03). figure 3. Progesterone changes in ewes before and after social isolation test. BSIT: progesterone concentration 5 min before the social isolation test; ASIT: progesterone concentration immediately after the social isolation test. Shaded area shows the period of the social isolation test. Different letters indicate significant differences over time (P <0.0002). table 1. Ewes' behaviours (mean ± SEM) recorded during the social isolation test. P4-W ewes were treated with a progesterone-releasing device (CIDR) for 13 d, which was withdrawn 24 h before social isolation test; Con were untreated ewes.
Variable
P4-w con
Lines crossed (n) 56.3 ± 6.7 53.4 ± 4.4 Periphery lines crossed (n) 36.8 ± 4.1 41.1 ± 2.9 Sniffing (n) 20.9 ± 3.0 23.1 ± 3.6 Escape attempts (n) 0.2 ± 0.1 2.4 ± 2.2 Freezing (n) 31.9 ± 4.3 32.1 ± 2.5 Eliminations events (urinations + defecations) (n) 0.7 ± 0.1 0.4 ± 0.2 Vocalizations (n)
27.4 ± 6.6 31.7 ± 7.6 Time in periphery squares (min)
7.2 ± 0.6 7.9 ± 0.5 Latency to first elimination (min)
4.2 ± 1.5 6.9 ± 1.4 Latency to first vocalization (min) 2.5 ± 1.3 3.3 ± 1.2 ment with P4 increases the physiological stress response to social isolation in ewes. The use of anoestrous ewes, which have very low oestrogen concentrations and do not ovulate after a single P4 treatment such as that applied in this experiment, allows us to isolate the P4 effects from possible effects of oestrogen increases after P4 concentrations decrease. This means that the physiological status of different ewes should be considered when temperament tests are performed, while management systems should also consider physiological status to minimize welfare problems. After social isolation, the changes in cortisol, the main endocrine indicator of an acute stress response in sheep, 20, 21 were greater in P4-W ewes. Although it is known that CRF, ACTH and glucocorticoids have direct stimulating effects on the behavioural response to stressors, 22, 23 we did not observe differences between the groups in the behavioural displays during the social isolation test. One explanation could be that differences in the CRF, ACTH and/or cortisol responses were not strong enough to induce differences in the behavioural response, or alternatively, the neuroendocrine changes were restricted to the adrenal level. Overall, this result provides support to the hypothesis that the decrease in P4 concentrations increases the sensitivity of the hypothalamic-pituitaryadrenal axis to stressors.
Overall, we observed responses in cortisol and body temperature and typical behavioural responses dis-played by ewes exposed to a social isolation test. 13, 14, 16 We also observed an increase of P4 concentrations after social isolation. As it has been previously reported that the administration of ACTH induces a P4 response of adrenal origin, 17, 24 P4 changes may also be considered a reliable indicator of a stress response. An increase in body surface temperature was also a component of the stress response. Although it is widely known that rectal temperature increases during a stress response, 16 ,25 the use of body surface temperature has the advantage of being non-invasive and fast to measure; as the animals need to be immobilized for a shorter period, this may reduce the stress caused by the procedure. Our results provide support to include these two variables in future studies of stress response in sheep.
When the experiment was designed there were no data in the literature showing the pattern of P4 reduction after a CIDR treatment in anoestrous ewes. Moreover, there was no information on the changes of sensitivity to stressors according to the different time lengths after the P4 treatment ended. The length of P4 treatment or the interval between P4 treatment ended and the application of the social isolation test may have limited the responses of the ewes. We tested the ewes 24 h after the CIDR withdrawal based on the assumption that P4 concentrations would have returned to basal concentrations shortly before that. However, P4 concentrations had returned to basal levels approximately 20 h earlier, just 4 h after CIDR withdrawal, which could mean that the period of maximum sensitivity to stressors might have ended some hours earlier. Another consideration should be the length of treatment, as maximum P4 concentrations were achieved earlier and decreased slowly until the moment of CIDR withdrawal. Corroborating this, in a later study we observed an increase in reactivity of female calves to humans 16 h after CIDRs withdrawal following 5 d of treatment (Magri G, Freitas-de-Melo A, Ungerfeld R, unpublished results). It may therefore be interesting to test whether the responses are greater if the CIDRs are removed earlier when P4 values are maximum (e.g., Day 4 of the treatment). Thus, a shorter CIDR treatment combined with the application of the stressor earlier after P4 concentrations reduction might result in greater behavioural and physiological responses.
concLusIons P4 pretreatment appears to augment the stress response to social isolation in anoestrous ewes without differences in the behavioural response.
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